Introduction
N-Arylsulfamides can be found in various therapeutic agents, drugs, and bioactive compounds, such as c-Met inhibitors and b 3 -adrenergic agonists (Fig. 1) .
1 Selective inhibition of c-Met signalling is known to have a connection with human cancer was proposed in the case of c-Met kinase inhibitors.
1d In particular, the sulfamide structural motif is the dening characteristic of the distinct inhibitory effect. Moreover, compounds containing unsymmetrical sulfamides are favorable for applications in medicinal chemistry.
2 Therefore, numerous methods were developed to synthesize these important compounds.
N-Arylsulfamides were conventionally prepared by the reaction involving sulfamoyl chloride derivatives and an amine with a base (Scheme 1, route A). 3 Despite being an effective approach to produce unsymmetrical N-arylsulfamides, it provides low yield as amines exhibit steric hindrance or decient reactivity. In 2004, a novel intermolecular cross coupling process between N,N-disubstituted sulfamides and aryl halides using a palladium catalyst was rst reported to produce unsymmetrical Narylsulfamides by L. Alcaraz et al. (Scheme 1, route B) . 4 However, high temperatures to activate the starting reagents, sulfamides, and aryl halides are unavoidable in this approach. A Lossen-like rearrangement was demonstrated and this reaction carried out at room temperature, however, over 12 h were required to synthesize the sulfamides (Scheme 1, route C).
5 Therefore, it is still necessary to develop a more efficient and less stringent method to obtain the desired product.
Recently, an improved approach for the synthesis of N-arylsulfonamides and N-arylcarbamates using sulfonyl azides and azidoformates respectively at room temperature in the presence of a copper catalyst and boronic acids has been successfully reported by our group (Scheme 2). 6, 7 We thus envisioned an alternative synthetic method in order to contribute to the existing unsymmetrical N-arylsulfamides synthesis. Unlike previous synthetic methods, we expected our process would proceed rapidly at room temperature in high yields without the use of any additives and would not require relatively expensive palladium catalyst (Scheme 1, route D). Furthermore, to the best of our knowledge, the formation of N-arylsulfamides by coppercatalyzed processes has not yet been reported. Therefore, this study aims to present the rst copper-catalyzed process for the synthesis of unsymmetrical N-arylsulfamides by employing N,Ndisubstituted sulfamoyl azides and aryl boronic acids at room temperature. However, in general, organic azides are widely used in organic synthesis, but special precautions are necessary when using sulfamoyl azides. 
Results and discussion
An optimization of the Chan-Lam coupling reaction was initially conducted with N-benzyl-N-methylsulfamoyl azide 1 9 with phenylboronic acid 2 ( Table 1 ). The reaction was rst investigated with a CuCl catalyst and 1.2 equiv. of phenylboronic acid 2 in the solvent MeOH in an open ask. The desired product 3a was generated in 72% yield with 83% conversion in 12 h (Table 1 , entry 1). However, when 1.5 equiv. of boronic acid was used, the product was obtained with a slightly higher yield of 81% with 92% conversion in 16 h (Table 1, entry 2) .
Finally, the use of 2.0 equiv. of phenylboronic acid 2 produced the highest yield of 91% of N-arylsulfamide 3a (Table  1 , entry 3). When the catalyst loading was reduced from 10 mol% to 5 mol%, 3a was isolated at a lower yield (Table 1,  entry 4) . Moreover, the use of other copper catalysts or addition of Ag 2 CO 3 and pure oxygen instead of air produced a lower yield (Table 1 , entries 5-9). The use of argon was also furnished the desired product in a slightly lower 88% yield in 85 min (Table 1 , entry 10). The absence of the catalyst resulted in 0% yield without conversion, thus demonstrating the importance of the Cu catalyst in this method (Table 1, entry 11). Furthermore, when different solvents having less polarity were used, the yield of 3a was poor (Table 1 , entries 12 and 13). The scope of the copper-catalyzed coupling reactions using N-benzyl-N-methyl-sulfamoyl azide 1 and various boronic acids 3 was investigated under this optimized condition. As illustrated in Table 2 , most of the boronic acids that were applied in the optimal conditions produced the desired products with good to excellent yields. However, in the case of 3f, yield of only 30% with 46% conversion in 3 h was achieved due to steric hindrance. In particular, halo-substituted aryl boronic acids exhibited less reactivity and produced 3j and 3k with yields of 80% and 71%, respectively, aer 12 h. In addition, the use of 3-thienylboronic acid yielded 82% of the desired 3n with 92% conversion aer prolonged reaction time of 12 h. The competing homocoupling of arylboronic acids in the presence of CuCl and MeOH completely consumed the boronic acids when 2-methoxyphenyl boronic acid or 3-thienylboronic acid was used.
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Moreover, the reactions of various sulfamoyl azides 4 with phenylboronic acid 2 were investigated. As shown in Table 3 , the desired 4a-d were obtained at a good to excellent yield within 90 min. In addition, by using aryloxysulfonyl azides, 11 the formation of N-arylsulfamic esters (Table 3 , 4e-h) 11c was expected, and their moderate to good yield suggests that the result depends on the reactivity of the azides. The yield gradually improved when an electron-donating group was substituted for the aryloxysulfonyl azides.
Next, the application of various phenylboronic acid derivatives as coupling partners in the optimized condition was investigated (Scheme 3). The use of phenyltriuoroborate 5 yielded 42% of 3a with 86% conversion, and with pinacol phenylboronate 6, 31% of 3a was obtained with 60% conversion (Scheme 3, eqn (1) and (2)). Lastly, when dimethyl phenylboronate 7 was used, the desired sulfamide 3a was synthesized at 92% yield in 30 min (Scheme 3, eqn (3)).
A control experiment was then carried out by using N-benzyl-N-methylsulfamide 8 and phenylboronic acid 2 under conventional Chan-Lam coupling conditions 12 (Scheme 4, eqn (1)). Despite the extended reaction time, the desired N-arylsulfamide 3a was obtained at a yield of only 28% with 49% conversion. Next, sulfamide 8 was used in the optimized condition to investigate the inuence of sulfamoyl azide 1 (Scheme 4, eqn (3)). Only a yield of 12% was obtained with a conversion of 35% over 16 h compared to the yield of 91% produced by sulfamoyl azide over 45 min (Scheme 4, eqn (2)). In view of these results, it could be hypothesized that sulfamoyl azide has a major impact on the synthesis of N-arylsulfamides in this method.
The possible mechanism for the Chan-Lam coupling between sulfamoyl azides and arylboronic acids is presented below (Scheme 5). 7, 13 At rst, the sulfamoyl azides coordinate with the Cu(I) salt A that provides copper nitrene and are transformed to Cu(II) complex B.
14 Subsequently, the aryl boronic acid is in equilibrium with the methyl boronate ester, 
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Conclusions
In summary, this study explained the Chan-Lam coupling reaction between sulfamoyl azides and arylboronic acids for synthesizing unsymmetrical N-arylsulfamides. The reaction was carried out in the presence of 10 mol% of the copper chloride catalyst at room temperature in an open ask without any additional additives. The scope of this method employing various sulfamoyl azides and boronic acids was demonstrated. The sulfamoyl azides were established as efficient precursor of the reaction with considerable effect on the yield and reaction time. The application of other organic azides for this method is under investigation.
Experimental
General procedure for synthesis of unsymmetrical Narylsulfamides A sealed tube was charged with an arylboronic acid (2.0 mmol), CuCl (10 mol%) and the corresponding sulfamoyl azide (1.0 mmol). MeOH (1.0 mL) was then added to the ask. The reaction mixture was stirred at room temperature in an open ask. Aer completion of the reaction, the reaction mixture was ltered through celite and washed with EtOAc. The ltrate was collected and concentrated under reduced pressure. The crude product was puried by ash column chromatography on silica gel to obtain the desired product.
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